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The Qyality of Home Grown vs. 
Jrnported Wheat 
By Robert Stewart and C. T. Hirst. 
In 1907 a number of n~w varieties of wheat were intro-
duced into Utah and have since, been grown on the Nephi Ex-
perimental Dry Farm, under strictly dry farm conditions. In 
view of the well-known influence of environment upon the 
quality of the wheat it is of importance to study the effect of 
climatic conditions in Utah upon this introduced seed. Wiley (1) 
says: "The quality and properties of wheat depend more upon 
the .environment in which it is grown than upon the species to 
which it belongs. There is perhaps no other field crop in 
which environment, namely, conditions of the soil, temperature, 
precipitation, etc., makes a greater difference than in wheat." 
It is somewhat of a common conception that wheat grown in 
the Intermoun,tain country is poor in milling, chemical and bak-
ing value. This is probably well illustrated by the following 
text book quotation: "The wheat r'aised in the Rocky Moun-
tain and Coast States is generally white in color, soft and 
starchy. Hard wheats taken into this region and grown for a 
few years change so that they become soft and starchy. The 
hard, red, flinty wheats have the best quality of gluten and 
hence make the highest grade of flour." 
The recent introduction of many hard wheats into the 
State of Utah gave us an excellent opportunity to test this view 
quite fully. A portion of the original seed was carefully se-
lected and analyzed for protein. Unfortunately sufficient wheat 
was not available for complete milling and chemical tests. The 
introduced seed was planted in 1907 and each year a portion of 
the crop was submitted to analysis. In addition the milling 
and baking value of the flour was determined. The protein 
content, as determined by the usual Kjeldahl method, using 
the factor 5.7, of the twenty best yielding varieties is recorded 
in Table I, which is arranged in the descending order of the 
protein content of the 5 years' average. 
Nineteen of these varieties were imported from other sec-
tions, one variety being the favorite home variety, Gold Coin. 
1 Wiley. Foods and their Adulterations, p. 24D. 
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TABLE I.-PROTEIN CONTENT IN IMPORTED SEED 
AND HOME-GROWN GRAIN. 
UTAH CROP OF SEE·D. 
t:: 
~ . o~ 
~ v 
..... 
bJlrn 
Variety. 
. ro ' v . 
0 > v S"E ro..c: t:: Z 
-t:: t:: t:: t:: t:: t:: . ~.- vOE ro._ 
00 'v 0\ 'v o'v ~ -Qj N'V '"'..c: v rn..c: H t:: v ~roo ~ 4-t ..... 
'boo ~o ~o ~o ~o ~o v 0 '"' v ..... ~ ~ . v 
0 .- ~ -d: -d: -d: -d: -d: >~D-l u > > oD-l ~ t:: ro 0 1-4 
Crimean .... .... .. 1435 14.21 18.00 17.55 17.12 14.52 15.74 16.59 2.38 
Armi.var ________ .. 1355 13.50 18.47 17.11 16.17 14.71 16.09 16.51 3.01 
Crimean . ____ . __ 1432 13.51 17.72 17.10 16.77 14:32 15.78 16.34 2.83 
Kharkov ____ __ ____ . 1442 14.07 16.53 17.68 15.90 14.46 15.65 16.04 1.97 
Crimean __________ 1436 13.71 17.94 15.38 16.49 14.36 15.30 15.89 2.18 
Servian . ______ __ __ 1676 12.34 17.62 15.75 16.15 14.38 15.47 15.87 . 3.53 
Missour'i Win. 1756 15.06 15.53 15.68 17.31 14.11 16.15 15.76 0.70 
Crimean .. ____ __ 14.37 13.10 18.64 ' 15.55 16.02 12.77 15.47 . 15.69 2.59 
Pesterboden __ 1564 13.81 17.22 15.48 15.62 13.92 15.89 15.63 1.82 
Bascka ____ __ ____ .: .. 1562 13.81 16.21 14.90 15.84 13.50 15.91 15.47 1.66 
Weissenberg 1563 14.80 16.36 14.93 16.17 14.52 15.22 15.44 1.64 
Crimean .. __ ____ .. 1559 14.25 16.43 15.33 15.70 13.90 15.55 15.38 1.13 
Malakof ________ .. 2908 13-.75 16.42 13.82 16.57 14.64 14.60 15.21 1.41 
Turkey .. __ ____ __ .. 3055 11.35 14.50 16.01 14.10 15.93 15.13 3.78 
Girka Winter .. 1438 13.20 15.52 14.76 16.05 14.95 13.79 15.01 1.81 
Turkey .. ________ .. 1571 12.44 16.09 16.31 14.89 12.98 14.64 14.98 2.54 
Japanese ......... 1787 11.50 16.62 15.17 14.67 14.39 13.91 14.95 3.45 
Okla. Winter 1783 11.52 15.61 13.60 16.38 13.44 15.20 14.85 3:33 
Alberta Red ____ 2979 13.87 14.22 15,.65 14.06 13.95 14.72 0.85 
Gold Coin ...... 2996 14.45 15.42 13.88 14.11 13.64 14.73 14.35 0.10 
Imported ________ __ ...... 13.36 16.88 15.51 16.08 14.10 15.27 15.55 . 2.23 
Home Grown ________ 14.45 15.42 13.88 14.11 13":64 14.73 14.35 0.00 
The protein content 6f the imported seed was lower in all but 
two cases than that of the home-grown seed. Missouri Winter, 
introduced from Kansas, had a proteiri content of 15.06 and 
Weissenberg had a protein content of 14.80, while that of the 
home-grown Gold Coin was 14.45 per cent. All the other va-
rieties had a protein content less than the home-grown Gold 
Coin. The general' average for the introduced varieties was 
13.35 per cent, while that of 'the home-grown Gold Coin was 
14.45 per cent, i. e., the protein content of the introduced grain 
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was 1.1 per cent less than that of the home-produced seed. The 
influence of the environment upon the introduced seed is made 
,manifest from the very first. There is a marked increase in 
the percentage of protein the first year the introduced seed is 
grown in Utah. .The average increase in protein is 3.5 per , 
cent greater than in the seed introduced from other sections. 
It may be noted also that although the home-grown seed 
had a higher protein content than any except two varieties of" 
the introduced seed, in the first crop grown from the seed, that 
of 1908, every single variety of the introduced seed had a higher 
protein content than the crop grown from the Gold Coin seed. 
In the second crop, 1909, two varieties were lower than Gold 
-Coin; the third crop, that of 1910, everyone was higher than 
the home-grown variety; the fourth crop, 1911, had four va-
rieties lower than Gold 'Coin and the crop of 1912 had the 
same number. Of nineteen introduced varieties ten varieties 
had the highest protein content the first year the seed was 
grown in Utah, two the second ' year, six the third year. 
Sufficient amounts of the imported seed were not available 
for milling tests. Samples of the five crops grown in Utah, 
however, were milled in our experimental ~ill; the yield of 
milling products was carefully recorded and the protein in the 
flour, bran and shorts determined. . 
The yield of flour is recorded in Table 2. The best aver-
age yield 'of flour was obtained from Crimean G. 1. No. 1435, 
while Girka vVinter was a close second. Gold Coin and Turkey 
yield practically the same average amount of flour. The differ-
ence between the highest and lowest yielding samples, how-
ever, is not marked and is only 3.5 per cent. It is interesting 
to note , that the variety giving the lowest yield of flour has 
almost as high a protein content as has the variety giving 
the highest yield. For example, they both gave the highest 
yield of flour in 1909, while the lowest yield was given in 1911 
in case of the latter, while the former gave its second lowest 
yield that year. 
The yield of bran is recorded in Table 3. The variety 
Armivar, which gave the lowest yield of flour, uniformly gives 
the highest yield of bran, thus indicating quite clearly that 
this variety is a poor variety for Hour production. The variety 
Crimean G. 1. No. 1435, giving the highest yield of flour, gives 
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TABLE 2.-YIELD OF FLOUR EXPRESSED AS PER-
CENTAGE. 
UTAH CROP OF 
0 ~ ~ C1) Variety Z 00 0\ 0 ...... N 00 CIl 
~ .- C1) ~ ~ § ...... § M OOC1) ~ C1) .;: (/) > 0 0 ~ 
Crimean ____ ___ ___ 1435 Kansas ______ 71.39 72.50 69.52 68.40 67.00 69.76 
Girka Winter.. 1438 Kansas __ __ __ 73.84 73.44 69.96 63.70 67.42 69.76 
Crimean __ ____ __ __ 1432 K ansas __ ____ . 69.22 71.08 68.75 67.72 69.64 69.28 
Gold Coin __ .____ 2996 Nephi ____ ____ 70.08 72.42 66.58 66.90 68.99 
Turkey : ___ .. _____ _ 1571 Kansas __ ___ _ 70.27 66.74 69.92 68.58 64.93 
Turkey ______ ______ 3055 S.D. __ __ ____ __ 68.86 68.72 70.76 69_24 66.38 68.79 
M issouri Win. 1756 Kansas _____ _ 72.87 70.23 68.44 66.14 66.26 68.79 
Crimean ____ ______ 1436 K ansas ____ __ 69.14 11.32 67.58 67.32 68.40 68.75 
Crimean ___ _______ 1437 Kansas __ ____ 68.96 73.48 70.04 67.68 62.90 68.61 
Oklahoma ____ __ 1783 Kansa __ ____ 69.79 71.96 68.39 65.44 67.08 68_53 
Crimean _________ _ 1559 Kansas __ __ __ 69.89 69.56 65.68 67.04 68.42 68.12 
Alberta Red __ __ 2979 Canada ______ 69.47 70.44 68.12 65.04 67.20 68.05 
Weissenberg. __ 1563 Kansas ______ 70.84 69.59 68.00 68.08 63.46 67.99 
Kharkov ____ .___ . 1442 K ansas ___ ___ 68.33 66.46 65.16 69.04 69.80 67.76 
Bacska ___ ______ __ . 1562 Kansas __ ___ . 70.70 69.76 66.75 65.14 65.10 67.49 
Malakof ___ __ ___ _ . 2908 Kansas __ ____ 70.01 68.00 66.75 67.84 63.27 67.17 
Servian ____ ___ ___ .. 1676 Kansas __ ___ _ 70.28 70.10 68.66 66.98 59.20 67.04 
Japanese ___ _ .__ _ . 1787 Kansas ____ __ 68.43 69.40 64.84 63.90 67.38 66.75 
Pesterboden ___ . 1564 Kansas ______ 69.86 67.70 68.50 63.90 63.66 66.72 
Armivar __ __ ______ 1355 Kansas ______ 66.76 68.26 67.16 63.46 65.96 66.32 
Average Imported_. 
--- --- ------- ---- --. 
69.96 69.93 68.06 66.58 66.64 67.96 
Avg. 'Home Grown 
--------- -- -,.------ .. 70.08 72.42 66.58 66.90 68.99 
likewise the lowest yield of bran, if the extremely low yield of 
bran for Missouri Winter in 1910 be disregarded. 
The yield of bran is quite uniform from all varieties and 
does not vary much from the average of 23.49 per cent for 
the imported varieties. The y ield of bran from the home-
grown and imported varieties is uniform throughout. The aver-
age yield for the home-grown varieties is 23.44 per cent, while 
the imported varieties yield 23.49 per cent. . 
The yield of shorts is recorded in TabJe 4 . 
. The yield of. shorts is quite uniform throughout. There is 
no characteristic difference recorded in anyone variety. The 
average yield of shorts from the home-grown variety is 8.04 
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per cent of shorts, while the imported variety gave 9.00 per 
cent of shorts. 
TABLE 3.-YIELD OF BRAN EXPRESSED AS PER-
CENTAGE. 
Variety 
o 
z 
UTAH CROP OF 
C1) 
t:: 00 0\ 0 s::1 ~ 
'biJ ~ ~ ~ ~ ~ ~ 
' i:: ~ .-< ~ ~ ~ ;> 
_____________ ~· _____ '~O __ ~ ___________________________ ~  
Armivar ......... 1355 
Pesterboden .... 1564 
Oklahoma........ 1783 
Crimean: ........... 1559 
Japanese ......... 1787 
Turkey ........... 3055 
Alberta Red .... 2979 
Servian............. 1676 
Girka Winter .. 1438 
Bacska ............ 1562 
Gold Coin ........ 2996 
Khar kov .... ..... 144~ 
Turkey ........... 1571 
Weissenberg ... 1563 
Crimean ............ 1432 
Malakof .......... 2908 
Crimean ............ 1436 
Crimean .... ........ 1437 
Crimean ............ 1435 
Missouri Win. 1756 
Average Imported. 
A vg. Home Grown 
Kansas .. .. :. 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
S. Dakota. 
Canada .... . . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
Nephi... .... . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
Kansas .. ... . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
Kansas ..... . 
26.83 
22.09 
24.51 
27.05 
23.05 
21.19 
25.91 
21.26 
21.14 
22.33 
22.87 
26.78 
22.78 
20.77 
24.07 
23.11 
24.59 
24.52 
21.27 
21.81 
23.43 
22.87 
24.44 25.03 22.93 
24.80 21.84 25.19 
23.59 24.28 23.24 
24.70 25.70 20.57 
24.71 25.65 23.00 
22.10 21.05 21.66 
24.40 20.46 24.02 
25.06 20.52 21.02 
21.96 22.51 27.98 
24.73 26.30 21.90 
21.99 22.62 
22.64 24.74, 21.46 
26.64 22.18 20.97 
23.16 21.44 20.91 
23.26 24.32 20.57 
25.07 21.49 20.92 
21.98 24.61 20.89 
20.75 20.04 20.86 
22.90 24.47 19.71 
24.40 11.77 24.36 
23.75 22.55 22.20 
21.99 22.62 
27.97 
31.24 
27.36 
24.18 
25.40 
28.18 
24.03 
30.65 
24.55 
22.57 
26.26 
20.10 
29.05 
22.66 
23.22 
21.50 
27.15 
21.67 
25.27 
25.37 
26.26 
25.44 
25.03 
24.59 
24.44 
24.36 
23.84 
23.76-
23.70' 
23.6J 
23.57 
23.44 
23.14-
23.14, 
23.07 
2i98' 
22.76, 
22.71 
22.66-
22.01 
21.52' 
23.49' 
23.44 
The protein content of the flour is recorded In Table 5. 
The 'Crimean variety, G. 1. No. 1435, is not only the best flour 
producer, but the flour produced gives the highest protein con-
tent. The variety of Turkey G. 1. . 30S5, imported from South 
Dakota, IS nearly as good, however. Turkey G. 1. No. 1571 
is a poor strain, giving the lowest protein content throughout. 
There is a marked seasonal influence on the protein con-
tent. This is probably best noted in the average results. The 
protein conten,t of the flour made from imported seed is high-
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est In 1908 and lowest In 1911. The low protein content of 
1911 is preceded by higher protein content of the three previous 
years and IS likewise followed by a year which gave wheat 
having a higher protein content. Exactly the same condition 
is observed with the' home-grown variety, th~s indicating quite 
strongly that the influence is a seasonal influence and not one 
of variety. 
TABLE 4.-YIELD OF SHORTS EXPRESSED AS PER-
CENTAGE. 
Variety. 
o 
z 
Missouri Win. 1756 Kan as .... _. 
Kharkov ______ .. __ . 1442 Kansas ___ __ _ 
Weissenberg __ . 1563 Kansas __ ___ _ 
Servian .. _____ ______ 1676 Kansas __ ___ _ 
Bac·ska __ .____ __ ___ __ 1562 Kansas __ ___ _ 
Crimean ... ________ 1437 Kansas __ ___ _ 
Crimean .. _________ 1436 Kansas ____ __ 
MalakoL .. __ __ __ _ 2908 Kansas. ____ _ 
Turkey ..... ______ __ 1571 Kansas .. ___ . 
Crimean .. __ __ __ __ _ 1559 yansas. __ __ _ 
Armivar.. __ ... ____ 1355 Kansas __ ___ _ 
Pesterboden... 1564 Kansas __ ___ _ 
Turkey .... __ ... ____ 3055 S. Dakota. 
Crimean .... _______ 1435 Kansas __ ___ _ 
Alberta Red ... ],979 Canada ______ _ 
Crimean .... _______ 1432 Kansas .. __ __ 
J apanese ..... ____ . 1787 Kansas .. ___ _ 
Gold Coin .. __ ... 2996 N ephi... .. ___ _ 
Girka Winter.. 1438 Kansas ___ _ __ 
Oklahoma ........ 1783 Kansas ____ __ 
Average Imported .. 
A vg. Home Grown 
·6.40 
7.61 
9.52 
9.66 
8.86 
6.87 
7.15 
8.04 
8.03 
4.54 
7.92 
8.95 
10.35 
6_65 
6.40 
7.07 
8.60 
6.74 
7.31 
6.10 
7.68 
6.74 
UTAH CROP OF 
Q) 
b.O 
C\l 
\-. 
Q) 
:> 
-< ----------~-----
8.25 
11.81 
6.85 
4.98 
5.44 
8.48 
6.80 
5.94 
8.03 
6.18 
6.91 
6.17 
8.30 
5.64 
6.08 
6.21 
6.44 
4.43 
5.59 
6.77 
21.45 
11.38 
12_08 
11.77 
9.95 
12.18 ' 
10.94 
11.01 
9.54 
12.05 
10.34 
12.20 
9.68 
10.14 
11.18 
9.93 
9.66 
10.46 
9.51 
9.15 
11.27 
10.46 
10.38 
11.20 
10.96 
11.89 
12.51 
11.05 
11.07 
11.02 
10.79 
12.76 
13.09 
11.60 
9.73 
11.09 
10.56 
11.10 
11.56 
10.51 
8.87 
12.12 
11.23 
10.51 
8.00 
9.67 
8.97 
. 9.38 
10.34 
8.36 
10.93 
10.33 
9.08 
5.93 
5.07 
5.63 
9.86 
7.84 
7.38 
5.12 
4.44 
7.88 
4.51 
8.02 
4.44 
10.89 
10.33 
9.62 
9.54 
9.42 
9.39 
9.38 
9.27 
9.10 
8.92 
8.84 
8.80 
8.74 
8.68 
8.41 
8.34 
8.28 
8.04 
7.60 
7.49 
9.00 
8.04 
The protein content of the bran is recorded in Table 6. 
The bran throughout is ·characterized by a high protein con-
tent. There is a close race between the several Crimean va-
rieties and Armivar for first place. The strain of Turkey G. I. 
No'. 1571 again has the lowest protein content. 
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TABLE 5.-PERCENTAGE OF PROTEIN IN FLOUR. 
UT H CROP OF 
0 
Z C1) Variety, bJJ t: 00 0'1 0 ~ C\S H '5D 0 0 ~ ...... ... ~ 0'1 0'1 ~ C1) 'i: ...... ...... ...... :> 0 0 
-< 
Crimean ....... .... 1435 Kansas ...... 17.86 15.81 15.03 13.65 13.68 15.20 
Crimean ........... 1436 Kansas ...... 16.86 15.52 14.95 13.81 13.74 14.97 
Missouri Win. 1756 Kansas ...... 16.23 13.48 16.52 13.41 14.53 14.83 
Crimean ........... 1432 Kansas .. .... 16.13 15.34 14.97 12.72 14.47 14.72 
Turkey ............. 3055 S. D ......... .. 17.46 12.61 16.70 12.90 13.91 14.71 
Armivar ........... 1355 Kansas ...... 16.12 15.29 14.16 13.14 13.61 14.46 
Servian ............. 1676 Kansas ...... 15.75 13.49 15.89 12.78 14.25 14.43 
Malakof.. ......... 2908 Kansas ...... 16.06 12.09 16.00 13.16 14.76 14.41 
Crimean ........ , .. 1437 Kansas ..... . 17.33 14.13 14.09 12.13 14.30 14.39 
Girka Winter. 1438 Kansas ...... 15.83 13.54 14.83 13.02 14.05 14.25 
Gold Coin .... ... 2996 ephL .... . 15.61 16.51 12.08 12.60 14.23 
Kharkov .......... 1442 Kansas .... .. 15.16 , 14.19 14.03 12.77 14.31 14.09 
Pesterboden ... 1564 Kansas ...... 15.44 14.03 14.32 12.63 13.50 13.98 
Alberta Red ... 2979 Canada ...... 16.34 12.45 15.00 12.82 13.41 14.00 
Bacska .............. 1562 Kansas .... .. 14.56 13.16 13.94 13.08 14.77 13.90 
Weissenberg ... 1563 Kansas ...... 14.55 13.27 14.88 13.04 13.63 13.87 
Oklahoma ....... 1783 Kansas ...... 14.66 ' 12.24 15.19 12.67 13.72 13.69 
Crimean ........... 1559 Kansas .. .... 14.98 11.58 15.13 13.01 13.15 13.57 
Japanese .... ...... 1787 Kansas ...... 14.59 12.99 14.21 12.31 11.98 13.21 
Turkey ............. 1571 Kansas ...... 13.48 13.43 13.29 11.58 13.60 13.07 
Average Imported. .-- ---_ ......... _--- 15.76 13.61 14.90 12.82 13.86 14.20 
Avg. Home Grown .. __ . __ . _- .. __ .. ... - 15.61 16.51 12.08- 12.60 14.23 
Again the seasonal influence regarding the protein content 
is manifest. The bran produced in 1911 has the lowest protein 
content, while that produced in 1908 is the highest. 
The protein content of the shorts is 'recorded in Table 7. 
The shorts contain a lower protein content than the bran and 
a higher protein content than the flour. The strain of Turkey 
Red, 1571, consistently maintained its position at the bottom 
of the list. It is noted that shorts from Gold Coin has the 
highest protein content. In general the shorts produced from 
the imported varieties has a lower protein content than the 
shorts produced from the home-grown seed. -
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TABLE 6.-PERCENTAGE OF' PROTEIN IN BRAN. 
UTAH CROP OF 
0 
Z <l) Variety. t:: 00 0\ 0 ~ b.O 
'" H 'Sn ~ ~ ~ ~ I-< 'i: ~ <l) 
- - -
> 0 0 
-< 
Armivar .......... 1355 Kansas ...... 22-42 22.76 20.76 19-48 19.57 20.99 
Crimean ......... 1436 Kansas ...... 23-46 20.72 19.97 21.13 19.07 20.87 
Crimean .... , .... 1432 Kansas ...... 21.95 21.32 19.83 17.52 19-76 20.07 
Crimean .... ..... 1435 Kansas ...... 20.89 20.99 20.07 18.81 19.27 20-<:)0 
Japanese ........ 1787 Kansas ...... 20.85 19.82 19.99 19.58 18-76 19.85 
Servian ........... 1676 Kansas ...... 21.74 19.88 20.96 17.96 18.67 19.84 
Gold Coin ....... 2996 Nephi ........ 20.43 19.89 18.81 19.80 19]3 
Weissenberg . 1563 Kansas ...... 20.92 18-97 21.07 17.94 18.53 19.48 
Missouri Win. 1756 Kansas .. .... 19.73 19.14 20-46 18.18 19.31 19.36 
Malakof .......... 2908 Kansas ...... 20.79 17.64 20.66 18.28 18-95 19.26 
Turkey ........... 3055 S. Dakota. 19-41 18-63 21.23 17.60 18.99 19.17 
Bacska ............ 1562 Kansas ...... 20.25 18-38 19.00 18.13 19.95 19.14 
Crimean ......... 1437 Kansas ...... 23.00 18.75 19.09 16.16 18-59 19.11 
Pesterboden .. 1564 Kansas ...... 20.27 19-42 18-90 17.24 , 19.11 18-98 
Kharkov ........ 1442 Kansas ...... 20.00 19.45 19.63 16.35 19.22 18-93 
Alberta Red ... 2979 Canada ...... 19.57 18,12 20.51 17.84 18-13 18-83 
Girka Win ...... 1438 Kansas .... .. 19.31 19.04 20.11 18.42 17.17 18.81 
Crimean ... __ .... 1559 Kansas. __ ... 20.14 18.94 18-88 16.95 19.05 18.79 
Oklahoma ...... 1783 Kansas ...... 18.95 17.63 20.21 17.39 18.39 18.51 
Turkey ......... .. 1571 Kansas ...... 20.38 18.34 17.91 16.31 17.63 18.11 
Average Imported .• ~ .. --_. _ .. _. ---_.- _. 20.74 19.36 20.06 17.96 18.80 19.38 
Avg. Home Grown ....... _-_._ ------ -- 20-43 19.89 18-81 19.80 19.73 
It thus may be noted that the protein content of the wheat, 
flour, bran and shorts produced is greatest in 1908 and lowest 
in 1911. Yet the greatest annual rainfall is recorded in 1908 
and second to lowest in 1911. The variation in protein con-
tent is not, therefore, associated with the total annual rainfall . 
Neither is there any correlation between the protein · content 
and the rainfall of the four months April, May, June and July. 
The summarized results are recorded in Table 8. 
The highest protein content throughout is recorded in 1908, 
the year of greatest annual rainfall. This is true of both the 
home-grown and imported seed. The cause, therefore, is not 
inherent in the seed, but must be due to clilTlatic factors. The 
lowest protein content is recorded in 1911, the year of the 
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TABLE 7.-PERCENTAGE OF PROT EIN IN SHORTS. 
UTAH CROP OF 
0 I.. 
Z ell v Variety. vb.O ~ 00 0\ 0 N >'eIl 
H 'bi> ~ ~ § § ...... V I.. 0\ 'r: ...... > v 
.- > 0 0 ~<t: 
Gold Coin ....... 2996 Nephi ........ 19.40 19.68 16.38 16.98 18.11 
Crimean ..... .... 1435 Kansas ...... 18.73 19.55 17.72 15.58 17.44 17.80 
Crimean ......... 1436 Kansas ...... 21.30 17.82 17.25 15.33 16.87 17.714 
Kharkov ........ 1442 Kansas ...... 20.50 17.49 17.26 15.83 17.34 17.684 
Japanese .... .... 1787 Kansas ...... 18.56 18.86 18.36 15.67 15.96 17.482 
Armivar ......... 1355 Kansas ...... 19.02 19.00 16.78 16.18 16.11 17.418 
Crimean .... ..... 1437 Kansas ...... 20.20 16.75 17.94 13.99 18.11 17.398 
Crimean .... ..... 1432 Kansas ...... 17.72 18.67 17.14 15.52 17.58 17.326 
Turkey .......... 3055 S. Dakota. 19.00 16.47 19.40 15.12 15.67 17.132 
Servian ........... 1676 Kansas ...... 18.72 17.73 18.72 15.52 14.90 17.118 
Malakof .......... .2908 Kansas ...... 18.97 16.59 18.08 15.07 16.29 17.000 
Alberta Red .... 2979 Canada .... ~ . 17.97 17.20 18.35 14.72 16.60 16.968 
Crimean ......... 1559 Kansas ...... 18.88 . 17.19 16.47 13.98 16.83 16.67 
Bacska ............ 1562 Kansas ...... 18.00 16.76 16.33 15.15 16.77 16.60 
Girka Win ...... 1438 Kansas ...... 16.81 16.81 16.87 16.35 15.55 16.478 
Missouri Win. 1756 Kansas ...... 17.33 16.86 17.31 15.19 15.69 16.476 
Oklahoma ..... 1783 Kansas ...... 17.96 16.61 16.83 14.45 16.45 16.460 
Pesterboden ... 15.64 Kansas ...... 17.32 17.09 16.73 14.24 15.86 16.25 
. Weissenberg . 1563 Kansas ...... 18.08 16.22 14.63 15.16 14.05 15.q3 
Turkey ..... ...... 1571 Kansas ...... 17.32 15.29 16.70 14.02 12.91 15.25 
Average' Imported .. 
---------- --- ------- 18.60 17.32 17.31 15.10 16.16 16.89 
Avg. Home Grown 
-- ---- --- -- ----- --- - 19.40 19.68 16.38 16.98 18.11 
TABLE B.-RELATION OF T OTAL RAINFALL T O PRO-
TEIN CONTENT. 
Protein. 
Wheat. Flour. Bran. Shorts. 
; 
d d d d 
~ ~ ~ ~ 
Season. 
--d 0 0 ' 0 0 I.. --d I.. --d I.. --d I.. 
- ell ~ 0 ~ 0 ~ 0 ~ 0 ell ..... I.. V I.. V I.. V I.. V 
...... ~ 0 S 0 S 0 S 0 S 
o ._
~ ell 0- 0- 0- 0-S 0 S 0 S 0 S 0 ~ t--< ::r: t--< ::r: t--< ::r: t--< ::r: 
Original .. -_ .. _--- --_ ..... --. 13.36 14.45 . 
1908 ................ 16.66 16.88 15.42 15.76 15.61 20.74 20.43 18.60 19.40 
1909 ................ 13.49 15.51 13.88 13.61 19.36 17.32 
1910 
-- --- -- ---------
9.08 16.08 14.11 14.90 16.51 20.06 19.89 17.31 19.68 
1911 ................ 10.11 14.10 13.64 12.82 12.08 17.96 18.81 15.10 16.38 
1912 ................ 12.27 15.27 14.73 13.86 12.60 18.80 19.80 16.16 16.98 
Average 
-------- --- -- - -- -
15.55 14.35 14.20 14.23 19.38 19.73 16.89 18.11 
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TABLE 9.-MONTHLY ·AND ANNUAL RAINFALL. 
Annual 
Year. TotaL Jan. Feb. Mar. Apr.. May. June. July. Aug. Sept. Oct. Nov. Dec. 
1908 .... 16.66 · 0.81 1.11 1.12 0.29 3.64 0.67 0.52 3.41 2.28 1.73 0.46 0.62 
1909 .... 13.49 2.57 1.70 1.03. 2.21 0.68 0.17 0.95 2.84 0.68 0.32 1.53 1.51 
1910 .... 9.08 0.61 0.61 0.81 0.46 0.72 0.03 0.38 0.10 2.37 1.57 0.58 0.84 
1911 .... 10.11 1-.92 0.61 1.05 0.56 0.24 0.76 1.77 0.28 1.07 0.75 0.44 0.66 
1912 0.39 0.29 2.80 1.47 1.05 0.17 0.48 0.62 0.47 3.07 1.52 
TABLE 10. - PERCENTAGE OF DRY GLUTEN IN 
FLOUR. 
(! 
0 I-
Z ell V Variety. VbIJ t:: 00 0\ 8 N »cIl H 'So ~ ~ 0\ § ~ V l-'e ...... :> v .... :> 0 0 ~<t:: 
Crimean ..... .... 1432 Kansas ...... 19.35 14.20 15.63 11.75 14.95 15.18 
Crimean .. : ...... 1436 Kansas ...... 18.15 14.54 16.14 13.30 13.55 15.14 
Armivar ......... 1355 Kansas ...... 16.56 14.18 14.59 14.34 15.40 15.01· 
Missouri Win. 1756 Kansas ...... 15.00 13.10 17.89 12.99 16.00 15.00 
Servian ........... 1676 Kansas ...... 17.03 12.71 16.96 13.08 14.85 14.94 
Oklahoma ...... 1783 Kansas ...... 14.39 14.66 16.23 12.31 15.64 14.65 
Crimean •. ....... 1435 Kansas ...... 16.63 14.89 13.79 . 13.36 14.20 14.57 
Crimean ......... 1559 Kansas ...... 17.24 11.96 15.15 11.98 14.75 14.22 
Pesterboden .. 1564 Kansas ....... 18.36 12.99 13.68 11.85 13.38 \ 14.05 
Weissenberg . 1563 Kansas ...... 15.66 12.52 13.76 13.10 14.78 13.96 
Girka Winter .. 1438 Kansas ...... . 14.88 12.91 15.04 13.08 13.42 13.87 
Crimean ......... 1437 Kansas ...... 16.44 12.57 14.41 12.50 13.33 13.85 
Malakof .......... 2908 Kansas ...... 15.97 10.66 14.93 13.44 13.98 13.79 
Kharkov ......... 1442 Kansas ...... 15.94 12.74 13.69 11.86 13.90 13.63 
Bacska ............ 1562 Kansas ...... 15.72 12.00 12.69 13.03 14.41 13.57 
Turkey .... ........ 3055 S. Dakota. 15.46 10.89 16.28 12.17 12.57 1~47 
Alberta Red .... 2979 Canada ...... 14.52 10.84 15.74 12.38 13.48 13.39 
Gold Coin ....... 2996 Nephi ...... .. 10.77 14.47 13.66 14.26 13.29 
. Turkey Red .... 1571 Kansas ... ... 15.39 12.65 12.32 11.21 13.10 12.93 
Japanese ........ 1787 Kansas ...... 14.16 11.29 15.15 12.16 11.14 12.78 
Average Imported .. .- ...... ------------ . 16.15 12.76 14.95 12.63 14.04 14.10 
Avg. Home Grown 
---------------- ----
10.77 14.47 13.66 14.26 13.29 
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second lowest annual rainfall. There must be, therefore, some 
other climatic factors influencing the protein content in addi-
tion to the total annual rainfall. The monthly and annual pre-
cipitation as obtained on the experimental farm at Nephi is re-
corded in Table 9. 
In Utah the greatest annual rainfall, 16.66 ·inches, was 
in 1908, while the greatest average protein content, 16.88, 
was also recorded this year. The lowest protein content, 
14.10 per cent, was in 1911, the year of the se.cond low-
est rainfall, 10.11 inches. The difference in rainfall is only 6.5 
inches. It is evident that other factors than the total annual 
rainfall influence the amount of the protein content. The, dis-
tribution of the rainfall ' during the growing season must be an 
important consideration. For instance, the 'low protein content 
of the wheat in ·1911 is directly associated with the high rain-
·fall during July, 1911. This is in complete harmony with our 
observation on irrigated soil. ' 
In discussing the results obtained regarding the influence 
of irrigation water upon the protein content of wheat, the fol-
lowing statements were made by Widtsoe and Stewart:1 
"Summing up these data it seems that the composition of 
wheat is most responsive to the distribution of irrigation water 
when the amount is small. It appears invariably to be the 
rule that when the greater part of the water is applied early 
in the season th per cent of protein is the highest. The more 
irregular ~he applications are, the higher the per cent of pro-
tein appears to be. On the other hand, when the distribution 
is such that the per cent of moisture remains constant through-
out the growing season the per cent of protein falls. When 
water is so applied that ' a high moisture period is followed 
by one of low moisture the per cent of protein increases. A 
more complete examination of the data on hand might . lead 
to very far-reaching results. The question of the effect of 
water distribution on crop composition offers, surely, another 
very alluring field of experimentation for those engaged in 
irrigation studies." 
From this point of view it may be' 'seen that there is a 
close relationship shown between the protein content of the 
1 Widtsoe and Stewart, Utah Exp. Sta. Bu!. 120, p. 234. 
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wheat and the rainfall during the growing season. This IS 
brought out in the following summary: 
1908 _________________ _ 
1909 __ ___ ____________ _ 
1910 _________________ _ 
1911 _________________ _ 
1912 _________________ _ 
Protein 
in Wheat 
16.88 
15.51 
16.08 
14.10 
15.27 
Rainfall 
in July 
.52 
.95. 
.38 
1.77 
.48 
Rainfall in 
April-June 
4.60 
3.06 
1.21 
1.56 
2.69 
In Table 10 are recorded the results for dry gluten, ob-
tained by washing out the starch with tap water in the usual 
TABLE 1l.-PERCENTAGE OF MOIST GLUTEN IN 
FLOUR. 
Variety. 
o 
z 
1-0 
CIlV 
\: 00 0\ 0 ~ ~~ 
'bi> ~ ~ ~ ~ 0\ 'v ~ 
'r:: ~ ~ ~ ~ .-. .~ :> 
____________ ~0~· _____ ~O _______________________________ ~~~~ 
Malakof .......... 2908 Kansas...... 50.41 41.37 44.90 42.52 43.90 44.62 
Servian ........... 1676 Kansas...... 52.67 35.51 50.12 37.22 45.93 44.29 
Missouri Win. 1756 Kansas.. .... 45.88 37.80 53:04 36.51 48.14 44.27 
Crimean ......... 1559 Kansas...... 54.03 30.75 46.83 37.39 47.82 43.36 
Crimean ......... 1432 Kansas...... 58.55 36.35 44.63 33.87 42.95 43.27 
Crimean ..... .... 1436 Kansas...... 43.71 38.19 48.33 38.35 39.90 41.69 
Weissenberg .. 1563 Kansas...... 46.06 37.37 40.50 39.64 44.74 41.66 
Kharkov ......... 1442 Kansas..... . 48.79 34.24 44.25 35.55 44.86 41.54 
Pesterboden .. 1564 Kansas...... 56.92 36.24 38.69 32.35 41.64 41.17 
Alberta Red .... 2979 Canada...... 45.40 30.46 47.36 36.32 43.10 40.53 
Oklahoma ...... 1783 Kansas.. .... 45.50 29.04 44.45 35.10 48.06 40.46 
Bacska ............ 1562 Kansas.... .. 48.23 31.89 39.01 36.79 45.70 40.32 
Crimean ......... 1437 Kansas...... 40.16 33.86 45.02 38.05 42.87 39.99 
Turkey ..... ...... $055 S. Dakota. 46.76 29.99 43.88 37.52 38.48 39.33 
Crimean ......... 1435 Kansas.. .... 47.08 37.06 33.67 36.39 41.37 39.11 
Armivar ......... 1435 Kansas.. .... 43.26 37.21 38.35 39.70 35.76 38.86 
Gold Coin ...... 2996 N ephL.. ... 33.50 40.50 38.27 41.69 38.49 . 
Turkey .......... .. 1571 Kansas...... 49.02 30.69 38.38 31.67 42.48 38.45 
Girka Win ....... 1438 Kansas.. .... 40.96 34.76 43.72 35.23 36.85 38.30 
Japanese ........ 1787 Kansas.. .... 44.74 34.09 41.17 36.78 33.78 38.11 
Average Imported.. ............ .. ...... 47.80 34.57 43.49 36.67 42.55 41.02 
Avg. Home Grown ... ......... ... ..... 33.50 40.50 38.27 41.69 38.49 
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method. Considering the crude method employed, the results 
agree remarkably well with those obtained tor protein, the re-
sults of which are recorded in ~able 5. Again, it may be 
noted that the highest gluten c01)tent is recorded in 1908 and. 
the lowest in 1911. 
The results for moist gluten are recorded in Table 11. The 
moist gluten content is the important constituent considered 
in the purchase of flour by the bakers. Whenever a flour has 
40 per cent of moist gluten it is usually regarded as a high-
class flour by bakers. Over two-thirds of the wheats yield 
flour having a high content, thus there is no indication 'from 
this data that there is a decrease in the quality of the wheat 
on its introduction and growing in the intermountain region. 
TABLE 12.-RATI O OF WET TO DRY GLUTE N. 
UTAH CROP OF 
c5 
Z v Variety. !=: 00 0\ 8 ~ btl CIl 
....; 'So ~ ~ ~ :.. 0\ 0\ v .c; ...... ....... ...... ....... > 0 0 ~ 
Malakof .... _----- 2908 Kansas ...... 3.15 :1 3.88: 1 3.01 :1 3.16:1 3.14:1 ' 3.27 :1 
Japanese 
------ --
1787 Kansas ...... 3.15 :1 3.02 :1 2.72 :1 3.02:1 3.12:1 3.04:1 
Kharkov 
------- --
1442 Kansas ...... 3.06:1 2.68 :1 3.23:1 3.00.:1 3.23:1 3.04:1 
Crimean ____ 0 __ _ - r559 Kansas ...... 3.13:1 2.57:1 3.09:1 3.12:1 3.24 :1 3.03: 1 
Alberta Red ... 2979 Canada ...... 3.12:1 2.81 :1 3.01 :1 2.93:1 3.20 :1 3.01 :1 
Weissenberg .. 1563 Kansas ...... 2.94:1 2.98:1 2.94:1 3.03 :1 3.03 :1 2.98:1 
Turkey 
.. ------ -- ---
1571 Kansas ...... 3.18:1 2.42:1 3.12 :1 2.83:1 3.24:1 2.96:1 
Bacska __ 0_-- ___ --. 1562 Kansas ...... 3.06:1 2.66:1 3.07:1 2.82:1 3.17 :1 2.96:1 
Servian 0---------- 1676 Kansas ...... 3.09:1 2.78:1 3.01 :1 2.85:1 3.09:1 2.96:1 
Missouri Win. 1756 Kansas ... ... 3.05:1 2.88:1 2.96:1 2.81 :1 3.01 :1 2.94:1 
Turkey __ .. __ .. __ . 3055 S. Dakota 3.02:1 2.75 :1 2.70 :1 3.08:1 3.06:1 2.92:1 
Pesterboden .. 1564 Kan as ...... 3.10:1 2.79:1 2.83:1 2.73:1 3.11 :1 2.91 :1 
-Gold Coin 
.-----
2996 ephi ........ 3.11 :1 2.80 :1 2.80:1 2.92:1 2.91:1 
Crimean ..... _-_. 1437 Kansas __ .... 2.44:1 2.69:1 3.12:1 3.04:1 . 3.22 :1 2.90:1 
Crimean • ___ 0 ___ - 1432 Kansas ...... 3.02 :1 2.56:1 2.86:1 2.88:1 2.87:1 2.84:1 
Girk~ Win ....... 1438 Kansas ...... 2.75:1 2.69:1 2.91 :1 2.69:1 2.75:1 2.76:1 
Oklahoma 
------
1783 Kansas ... __ . 3.16:1 1.98: 1 2.74:1 2.85:1 3.07:1 2.76:1 
-Crimean ____ 0.--. 1435 Kansas ...... 2.83 :1 2.49 :1 2.52:1 2.72 :1 2 .91: 1 2.69:1 
Crimean ____ 0. __ - 1436 Kansas ...... 2.40:1 2.62 :1 2.99 :1 2.88:1 2.21 : 1 2.62:1 
Armivar 
--------- -
1355 Kansas ...... 2.61 :1 2.62:1 2.63:1 2.77 :1 . 2.32:1 2.59:1 
Average Imported .. 
---.---- ---- --- -- --- 2.96:1 2.73 :1 2.92 :1 2.91 :1 3.00 :1 2.90:1 
Avg. H ome Grown 
---- -- ----- ---- -- -- - 3.11 :1 2.80:1 2.80:1 2.92 :1 2.91 :1 
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It should also be noted that the wheats grown in Utah 
under a low rainfall have an extr'emely high protein content, 
as compared with wheats grown under more humid conditions. 
The ratio between the moist and dry gluten is recorded in 
. Table 12. The wider this ratio the more desirable the flour 
from the baker's point of view. 
SUMMARY 
As an average of five years' work it may be safely con-
cluded that dry farm wheat grown· in .Utah from imported seed 
does not decrease in quality. The five-year average protein 
content of the home-grown seed differs only by 0.1 per cent 
from that of the original seed, i. e., the protein content of the 
home-grown seed has remained practically constant, being in-
fluenced only by the varying climatic conditions from 'year to 
year . . The five-year average result for the protein content of 
the wheat grown from the imported seed is 2.23 per cent greater 
than that of the original imported seed. Every variety of im-
ported seed produced wheat the first year it was grown in Utah 
having a higher protein content than the original seed. Neither 
year during the fiv'e-year period has any variety produced seed 
hav~ng as low a prot~in content as the original imported seed .• 
I t is a common practice for big grain growers to send 
away annually for seed wheat. .In this manner large quanti-
ties of seed · wheat are annually imported into the intermoun-
tain region, under the mistaken impression that the home-
grown seed is inferior in quality. The results <;:>f this investi-
gation, therefore, are of utmost practical importance . . The 'prac-
tice of shipping in seed wheat is entirely unnecessary and waste-
ful. The quality of the home-grown hard wheats is really su-
perior to the original seed. Good pure wheat se~d should be 
selected of the kind the grower desires to raise. He should then 
continue to raise his own seed, and with proper. selection he 
may rest assured that the quality of the seed will not become 
inferior, but he may have every confidence that his wheat IS 
of- superior quality. 
